In this work, the solubilities of some anti-inflammatory (nabumetone, phenylbutazone and salicylamide) and statin drugs (fluvastatin, atorvastatin, lovastatin, simvastatin and rosuvastatin) were correlated using the Perturbed-Chain Statistical Associating Fluid Theory (PC-SAFT) with one-parameter mixing rule and commonly used cubic equations of state Peng-Robinson (PR) and SoaveRedlich-Kwong (SRK) combining with van der Waals 1-parameter (VDW1) and van der Waals 2-parameter (VDW2) mixing rules. The experimental data for the studied compounds were taken from literature at temperature and pressure in ranges of 308-348 K and 100-360 bar, respectively. The critical properties required for the correlation with PR and SRK were estimated using Gani and Noonalol contribution group methods whereas, PC-SAFT pure-component parameters: segment number (m), segment diameter (σ) and energy parameter (ε/k) have been estimated by Tihic's group contribution method for nabumetone. For phenylbutazone and salicylamide those parameters were determined using a linear correlation. For statin drugs, PC-SAFT parameters were fitted to solubility data, and binary interaction parameters (k ij and l ij ) were obtained by fitting the experimental data. The results were found to be in good agreement with the experimental data and showed that the PC-SAFT approach can be used to model solid-SCF equilibrium with better correlation accuracy than cubic equations of state.
The chemical industry conducts constant research in new technologies where the main objective is to satisfy the customer expectations by offering high-efficiency products and to comply with international standards, which are becoming more and more severe in terms of hygiene and environment protection.
Super critical fluids are one of the most interesting technologies that became the target of several research studies in recent years. Such importance is related to the development of new cheap-priced pro-ducts without pollution constraints related to the environment. One of their major trumps is to be a plausible alternative to the organic solvents. In many cases, they offer some solutions that cannot be provided by traditional techniques in terms of efficient operation, non-toxicity, availability, low-cost and the easiness of separation compared to classic process. Thus, many works have been published on the application of this technology [1] [2] [3] .
Carbon dioxide is the most commonly used supercritical fluid because of its ability to replace organic solvents with more advantages (its availability, inertness, non-toxicity, low critical temperature and pressure).
Modelling of solubility of solids in supercritical fluids is needed for the separation process design, development and optimization. Undoubtedly, the most used models are the cubic equations of state, such as Peng-Robinson (PR) [4] and Soave-Redlich-Kwong (SRK) [5] . Although those models are the basic tools for supercritical fluid-solid equilibrium calculations, their application is associated with some drawbacks, mainly the non-availability of the solids properties for pharmaceutical compounds, polymers and bio-molecules (critical properties, molar volume and sublimation pressure). For this reason, and in order to perform the estimation of those parameters, several studies [6] [7] have been carried out based on the socalled group contribution techniques, but their prediction ability is limited to classes of components with simple structures. Therefore, the sensitivity of solubility correlations to solids' properties can add a factor of uncertainly to the approach. For example, Coimbra [8] and Valderrama and Zavaleta [9] found that the variations of 10% in the sublimation pressure estimation of solute might produce deviations between 5 and 19% in solubility calculations. To surpass this problem, more accurate methods were developed, such as the Marrero and Gani [10] and Nannoolal method [11] .
More theoretical equations of state were developed based on Werthiem's perturbation theory [12--14] such as Statistical Associating Fluid Theory (SAFT) [15] [16] [17] , Lennard-Jones (SAFT-LJ) [18] [19] , soft-SAFT [20] [21] , Variable Range (SAFT-VR) [22--23] , Hard-Sphere (SAFT-HS) [24] [25] [26] , and PerturbedChain (PC-SAFT) [27] [28] , and recently SAFT + Cubic equation of state [29] , etc. In the last decade, attempts were carried out in order to model the phase equilibrium with the latter SAFT-EOS where numerous applications were reported in the literature and have been recently reviewed by McCabe and Galindo [30] .
SAFT models require five pure associating-component parameters and three parameters for nonassociating fluids: the segment number (m), the interaction energy (ε/k) and the segment diameter (σ). The application of PC-SAFT-EOS for modeling of solid compounds-SCF phase equilibrium is limited because of the non-availability of pure component parameters for multifunctional molecules. Several works treating this subject can be found in the literature [31] [32] [33] .
The purpose of this work is the application of both PC-SAFT equation of state, Peng-Robinson (PR) and Soave-Redlich-Kwong (SRK) cubic equations of state for correlating the solubility of some anti-inflammatory drugs (compounds that are non-steroidal antiinflammatory drugs (NSAIDs) with analgesic and antipyretic properties and are used to treat fever, headache and pain associated with cold influenza and arthritis) and statin drugs in supercritical CO 2 (components are used to reduce cholesterol and risk of heart attack [34] ). The chemical structures of the studied solid drugs are shown in Figure 1 .
THERMODYNAMIC MODELS
In this work, the PC-SAFT, PR and SRK equations of state were used for correlating of solid drugs in the supercritical carbon dioxide. Figure 1 . Chemical structures of the studied drugs.
where P is the pressure, T is the temperature, R is the gas constant, v is the molar volume of the component, and a m and b m are van der Waals energy and volume parameters for mixture, respectively. The latter parameters can be obtained using mixing rules. In this work, the van der Waals 1-parameter (VDW1) and van der Waals 2-parameter (VDW2) rules were applied: VDW1 mixing rule:
VDW2 mixing rule:
where ij k and ij l are the binary interaction parameters; a i and b j are energy and volume parameters for pure components defined as: 
where  is the acentric factor, T c and P c are the critical constants, and T r is the reduced temperature.
The expression for the fugacity coefficient for a mixture can be written as:
The SRK equation of state SRK cubic equation of state for mixture is given by the following expression:
For pure components, a i and b j are expressed as follows:
with: 
where a id is the ideal gas contribution that is considered as unit, a hc is the contribution of hard sphere chain reference system and a disp is the contribution of dispersion force.
As it can be seen, this equation consists of the hard-chain reference contribution and the dispersion contribution, and it can be expressed in terms of 
The hard-chain reference contribution is given by: 
Pairs of unlike segments are obtained by using conventional combining rules:
where k ij is a binary interaction parameter that is introduced to correct the segment-segment interactions of unlike chains.
The density to a given system pressure, P sys , is determined iteratively by adjusting the reduced density of molecules, , until P calc = P sys . For a converged value of , the number density of molecules, ρ (Å -3 ), is calculated from:
Equation for the compressibility factor is derived from the relation:
The pressure can be calculated in units of Pa by applying the relation:
The expression for the fugacity coefficient is given by:
The chemical potential can be obtained from:
Modeling solid-SCF phase equilibrium
The solubility of a non-volatile pure solid (2) in a supercritical fluid (1), y 2 , is determined from standard thermodynamic relationships by equating fugacities in the solid phase and in the supercritical phase for each component (the isofugacity condition):
The fugacity of component (2) in the supercritical phase is expressed by:
The solubility can be expressed as the solute mole fraction:
where E is the enhancement factor defined as:
where P is the equilibrium pressure, T is the equilibrium temperature, 
Physical properties
The Pitzer acentric factor and the molar volume of solutes have been estimated by the Lee-Kesler correlation using PE software [35] and the Fedors method [36] , respectively. Values of the required physical properties for all compounds using in the calculation and estimation methods are displayed in the Tables 1 and 2. PC-SAFT pure-component parameters PC-SAFT pure-component parameters for nabumetone have been estimated by the Tihic group contribution method. For the other compounds (phenylbutazone, salicylamide and statin drugs), it is shown that this method cannot be applied for missing functional groups (i.e., this method does not offer the values of contributions for all group-assignments of those compounds). The solution was the use of a linear correlation developed by Tihic et al. [37] for estimating phenylbutazone and salicylamide parameters. While for statin drugs, PC-SAFT-parameters were considered adjustable parameters and were fitted to solubility data (Table 3) . This is because the Tihic's linear correlations gave very large values for the segment number (m) and the segment diameter (σ), and small values for the segment energy parameter (ε/k) that lead to an overestimate of the solubility. Such a result is expected because the statin molecules are characterized by multiple functional groups (aromatic nitrogen, alcohol and acid functions, fluorine, sulfone, etc.) which makes it difficult to have a good representation with those correlations or the right classification into families that have been adopted by Tihic and his co-workers [37] . 
RESULTS AND DISCUSSION
In this work, the solubilities of three anti-inflammatory and five statin drugs in sc-CO 2 were correlated. The experimental data were taken from literature [38, 39] . The correlation was performed by minimizing the objective function, which is the absolute average relative deviation (AARD) usually defined as: 
The absolute average relative deviation (AARD ,%) values along with values of regressed binary interaction parameters for studied equations of state for CO 2 + nabumetone, CO 2 + phenylbutazone and CO 2 + salicylamide are shown in Table 4 32.3% for the same binary system at the same temperatures, respectively. Also, the application of SRK-VDW1 model gave deviations that range from 3.8% at 328.2 K for nabumetone-CO 2 system to 32.2% found at 328.2 K for the salicylamide-CO 2 system. Meanwhile, with SRK-VDW2 model the deviation varied from 3.4 to 32.1% for the same binary systems at the same temperatures, respectively. For PC-SAFT, the deviation varied between 1.4% obtained for nabumetone-CO 2 system at 318.2 K to 22% found in correlating of salicylamide-CO 2 system at 328.2 K. It is also is usually close to zero (mole fraction, y 2 ), and that of the solvent is usually on the order of 0.999. Consequently, the behaviour of solid-SCF is governed by the energetic interaction (due to the nature of atoms and liaisons formed the complex) more than the relative number of solute molecules in sc-CO 2 .
2. Some important deviations for both cubic equation of state and PC-SAFT models may be the result of either the formation of aggregates that need to be taken into account in the application of any model with more experimental studies about this phenomenon for correlating solubility, or the fluctuation of the density of solvent close to the critical region. Figures 2 and 3 show the solubility curves of nabumetone and phenylbutazone in sc-CO 2 . These include a comparison between experimental data and The accurate values of physical properties are very important to the success of the correlation of solubility data using equation of state, mainly the sublimation pressure. One of the most critical factors that can influence the ability of estimation is the complexity of the molecules' structure, including poly-functional groups and several cycles and aromatic cores. It can be the origin of an important deviation in its estimating as well as in the calculated solubility (case of statin drugs) as it has been confirmed in previous works [40] .
Special attention was paid to the estimation of PC-SAFT pure component parameters for non-associating substances because of the non-availability and the complexity of structure. Tihic's method used for estimating PC-SAFT parameters for nabumetone gave good correlation results of solubility in terms of relative deviations, AARD. The Tihic linear correlation for polyaromatic family used for calculating phenylbutazone and salicylamide gave accurate values and could describe well the PC-SAFT component parameters, as well as the solubility estimate, compared to those found using cubic-EOS. More complicated systems were treated (CO 2 (1) + statins (2)) where the results obtained by PC-SAFT were obviously more accurate than cubic EOSs. The PC-SAFT pure component parameters were determined by fitting the solubility data, as it was done by Spyriouni et al. [41] .
Despite the complexity of their structures, the nonavailability of parameters and the limitation of the available estimation techniques, this approach can represent the experimental data of solubility of solid drugs in supercritical fluid with more accuracy than the other models. U ovom radu su rastvorljivosti nekih antiinflamatornih (nabumeton, phenilbutazon i salicilamid) i statinskih (fluvastatin, atorvastatin, lovastatin, simvastatin I rosuvastatin) aktivnih supstanci korelisani PC-SAFT (sa jednoparametarskim pravilom mešanja) i uobičajenim kubnim jednačinama Peng-Robinson-a (PR) i Soave-Redlich-Kwong-a (SRK) kombinovanim sa van-der Waals-ovim jedno-i dvo-parametarskim pravilima mešanja (VDW1 i VDW2). Eksperimentalni podaci za ispitivana jedinjenja u opsegu temperature 308-348 K i pritiska 100-360 bar su uzeti iz literature. Kritična svojstva potrebna za korelisanje pomoću PR i SRK jednačina su izračunate Gani-Noonalol-ovom metodom doprinosa grupa, dok su u slučaju nabumetona parametri PC-SAFT jednačine za čiste komponente (segmentni broj, segmentni prečnik i energetski parameter, ε/k) izračunati metodom doprinosa grupa. U slučaju fenilbutazona i salicilamida, ovi parametri su određeni linearnom korelacijom. PC-SAFT parameteri statinskih jedinjenja su određeni iz podataka za rastvorljivost, a parametri binarne interakcije su dobijeni fitovanjem eksperimentalnih podataka. Dobijeni rezultat je bio u saglasnosti sa eksperimentalnim podacima. Pokazano je da se PC-SAFT jednačina može upotrebiti za modelovanje ravnoteže čvrsto-superkritični fluid boljom korelacionom tačnošću od kubnih jednačina stanja.
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